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PROBLEM TO BE SOLVED: To provide a 
hydrogen-permeable membrane using an inexpensive 
and easily obtainable material instead of Pd or a Pd 
alloy in order to solve the problem that Pd is very 
expensive and hard to obtain, the conventional 
hydrogen-permeable membrane is also very expensive 
since a large quantity of Pd is used and the price of a 
reformer is raised remarkably. 

SOLUTION: At least a part of the hydrogen-permeable 
membrane is formed from a Ta alloy which contains Ta as 
a base metal and one or more metallic elements selected 
from the group consisting of Au, Cr, Fe, Pt, Ru and W as 
additive metals. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

A hydrogen permeable film currently forming with Ta alloy which added one or more sorts of metallic elements chosen 
from a group which at least some hydrogen permeable films (2) become from Au, Cr, Fe, Pt, Ru, and W by using Ta as a 
base metal as an addition metal. 
[Claim 2] 

A hydrogen permeable film of claim 1 , wherein content of said Au, Cr, Fe, Pt, Ru, and W is below 50 atom %. 
[Claim 3] 

A hydrogen permeable film currently forming by rolling Ta alloy in which at least some hydrogen permeable films (2) 
added Mo as an addition metal at least by using Ta as a base metal. 
[Claim 4] 

A hydrogen permeable film of claim 3, wherein content of said Mo is below seven atom %. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to a hydrogen permeable film. 
[0002] 

[Description of the Prior Art] 

When using natural gas, town gas, etc. as hydrogen sources of a fuel cell, application of the steam-reforming machine of 
the membrane reactor method with which the hydrogen permeable film was incorporated is considered. In the steam- 
reforming machine of the method concerned, when hydrocarbon and steams, such as natural gas and town gas, react on 
a catalyst, mixed gas, such as hydrogen, CO, and C0 2 , generates. Since a hydrogen permeable film penetrates only 
hydrogen, only hydrogen penetrates a hydrogen permeable film among the mixed gas which arrived at the hydrogen 
permeable film surface, and it is emitted from a membranous opposite hand. In the steam-reforming machine of the 
method concerned, the pure water matter of 100% of purity can be obtained theoretically, and these hydrogen is supplied 
to the fuel cell etc. which are hydrogen utilizing systems. 
[0003] 

As the present hydrogen permeable film, Pd and Pd alloy are mainly used. The thing which also has a big steam- 
reforming machine as a result and which hydrogen permeation performance is low in pure Pd, and needs a big membrane 
area in order to earn hydrogen permeation speed, and intermediary ******. In pure Pd, when it holds in a hydrogen 
atmosphere in low temperature, a hydride generates. On the other hand, when a scram arises with a steam-reforming 
machine, it is expected that a hydrogen permeable film is cooled in a hydrogen atmosphere. For this reason, when pure 
Pd is used as a hydrogen permeable film, cubical expansion arises by generation of a hydride and a film is damaged. 
[0004] 

Then, in order to control generation of the hydride in the improvement in the hydrogen permeability of Pd, and low 

temperature, the alloy which made Pd add Ag is used. 

[0005] 

However, since Pd is dramatically expensive, in the hydrogen permeable film which uses conventional Pd so much, the 
price of reformers rises greatly. Therefore, development of the hydrogen permeable film by a cheap material with easy 
acquisition which replaces Pd or Pd alloy is expected. 
[0006] 

It is known that hydrogen permeation ability is proportional to the product of the degree of hydrogen dissolution and a 
hydrogen diffusion rate. 

Although V, Nb, Ta, etc. can be mentioned as a metallic element with this larger value than Pd, Since these tend to 
generate a hydride when hydrogen invades into metal, depending on conditions, such as temperature at the time of using 
it as a hydrogen permeable film, and a pressure, phenomena, such as cubical expansion, arise by generation of a hydride, 
and a film damages them. 

[0007] 

The hydrogen permeable film which the JP.4-74045.B gazette, the JP,5-79367,B gazette, and the JP,6-98281,B gazette 
were made to constitute from an alloy which replaced with Pd and added nickel, Co, Mo, etc. to V is indicated. Although V 
is cheap as compared with Pd and a raw material price becomes 1/10 or less as compared with the hydrogen permeable 
film which used Pd as the main ingredients, a hydrogen permeation coefficient is equivalent to Pd-Ag, or less than it. 
[0008] 
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Have the hydrogen permeability superior to Pd alloy in a JP,2001-170460,A gazette, and it aims at providing a hydrogen 
separating material provided with the hydrogen permeable film which can be manufactured cheaply on the surface of the 
porous base material, and a manufacturing method for the same in it, receiving the metal membrane of V, Nb, or Ta or V, 
Nb, or Ta on the surface of the porous body which sintered and obtained a metal powder or ceramic powder — nickel, Co, 
or Mo - 5 - 20wt% - the hydrogen separating material in which the added alloy film was formed is indicated. 
[0009] 

However, since a hydride generates when pure Ta is held in a hydrogen atmosphere in low temperature, When pure Ta is 
used as a hydrogen permeable film, depending on the operating condition in the steam-reforming machine of a membrane 
reactor method, cubical expansion arises by generation of a hydride, and it is expected that a film is damaged. In the 
above-mentioned JP,2001-170460,A gazette, it is considered as the technique of carrying out the thinning of the hydrogen 
permeable film material, and the cathode arc type ion plating method is used. However, since it is easy to generate a 
pinhole in a film when using such a forming-membranes method as a manufacturing method of hydrogen permeable film 
material, in addition to ingredients other than hydrogen becoming the cause of passing a hydrogen permeable film, it has 
the technical technical problem that a manufacturing cost becomes expensive. 
[0010] 

In this invention, the predetermined metallic element which is effective in making Ta control hydride generation is added. 
Therefore, it is made based on the knowledge by this invention person that generation of a hydride can be controlled etc., 
suppressing the fall of the hydrogen permeation ability of Ta in a slight quantity, The hydrogen permeable film which made 
use of Pd or Pd alloy control is provided, and it aims at making the manufacture easy and cheap. 

That is, in this invention, Ta is used as a base metal and a predetermined metallic element with the function to make Ta 
control hydride generation is added. 

Therefore, it sets it as the 1st purpose to provide the hydrogen permeable film which made the breakage accompanying 
hydride generation control, maintaining high hydrogen permeation ability by obtaining Ta alloy and considering it as the 
hydrogen permeable film which has this Ta alloy in part at least. 

[0011] 

[Means for Solving the Problem] 

This invention is made in view of the above-mentioned conventional technical technical problem. 
The composition is as follows. 

At least some hydrogen permeable films 2 use Ta as a base metal, and inventions of claim 1 are Au, Cr, Fe, Pt, Ru, and a 
hydrogen permeable film in which it is characterized by being formed with Ta alloy which added one or more sorts of 
metallic elements chosen from a group which consists of W as an addition metal. 

An invention of claim 2 is a hydrogen permeable film of claim 1 , wherein content of said Au, Cr, Fe, Pt, Ru, and W is below . 
50 atom %. 

It is the hydrogen permeable film currently forming when an invention of claim 3 rolls Ta alloy which at least some 

hydrogen permeable films 2 used Ta as a base metal, and added Mo as an addition metal at least. 

An invention of claim 4 is a hydrogen permeable film of claim 3, wherein content of said Mo is below seven atom %. 

[0012] 

[Embodiment of the Invention] 

Drawing 1 shows the hydrogen permeable film unit using the hydrogen permeable film concerning this invention, and this 
hydrogen permeable film unit 1 is provided with the hydrogen permeable film 2 which has a transmission film made from 
Ta alloy in order to avoid use of Pd or Pd alloy as much as possible. The hydrogen permeable film unit 1 is provided with 
the metal frames 3, and is joining the hydrogen permeable film 2 by the joined part 5 to either [ at least ] the frame 3 or the 
porous support 4. By methods, such as plating, CVD (gaseous phase chemical reaction), and sputtering, it is forming the 
hydrogen permeable film 2 in the surface of the frame 3 or the porous support 4, and the joined part 5 is formed 
simultaneously, or the hydrogen permeable film 2 is beforehand manufactured with cold rolling, and it joins it using 
diffusion, and is formed. It can be made to join by the joined part 5 to either [ at least ] the frame 3 or the porous support 4 
with the diffusion bonding technique which carries out application-of-pressure heating, without carrying out melting of the 
hydrogen permeable film 2 in the case of the hydrogen permeable film 2 which has especially Ta alloy which added Mo as 
an addition metal. 
[0013] 

The porous support 4 is powder, such as ceramics, glass, and stainless steel, and a sintered compact of textiles, and has 
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a communicating hole which passes hydrogen. Between this frame 3 and porous support 4, it is joined by welding, 
soldering, etc. so that leak may not be produced, and it has the joined part 6. 
[0014] 

The hydrogen permeable film 2 can also be considered as the three-tiered structure shown in drawing 2 . This is 
about both sides of transmission film 2b made from Ta alloy by the transmission films 2a and 2c made from Pd or Pd 
alloy. The transmission films 2a and 2c made from Pd or Pd alloy can also be arranged only to the one side face of 
transmission film 2b made from Ta alloy, and transmission film 2b made from Ta alloy should just form at least some 
hydrogen permeable films. Also in this case, as shown transmission film 2b and the porous support 4 of the transmission 
films 2a and 2c made from Pd or Pd alloy, and the product made from Ta alloy in drawing 2 , where it is piled up, the whole 
can be joined by diffusion bonding technique. 
[0015] 

Although Ta is generally excellent in hydrogen permeation ability, it is lacking in the breakage-proof nature in accordance 
with hydride generation, this invention persons found out that waterproof matter brittleness improved, suppressing the fall 
of the hydrogen permeation ability of Ta in a slight quantity by adding Au which is effective in making Ta control hydride 
generation, Cr, Fe, Mo, Pt, Ru, and at least one or more sorts of metallic elements chosen from the group of W. However, 
since these addition has the effect of reducing hydrogen permeation ability, extensive addition decreases hydrogen 
permeation ability remarkably. Then, when said alloying elements are Au, Cr, Fe, Pt, Ru, and W, it is [ below 50 atom % ] 
preferably desirable [ the addition to Ta ] for a maximum to be 30atom%. When said alloying element is Mo, it is desirable 
for the addition to Ta to be below seven atom % in consideration of the thinning by machining. If below seven atom % 
carries out the addition to Ta of Mo, the laminated hydrogen permeable film 2 can be formed controlling the crack under 
rolling. 
[0016] 

By according to such a hydrogen permeable film, using Ta as a base metal and forming a hydrogen permeable film with 
Ta alloy which added Au, Cr, Fe, Mo, Pt, Ru, and at least one or more sorts of metallic elements chosen from the group of 
W, It is possible to reconcile hydrogen permeability and the preventive effect of the breakage accompanying hydride 
generation. 
[0017] 

The ingot containing the slab of Ta alloy which added one or more sorts of metallic elements chosen from Au, Cr, Fe, Mo, 
Pt, Ru, and the group that consists of W as an addition metal is produced by using Ta as a base metal, On the other hand, 
the plate of required thickness is created for uniformity heat treatment with rolling after ******, and if what carried out mirror 
polishing of this is used for the hydrogen permeable film 2, mass production of the hydrogen permeable film 2 will become 
easy. 
[0018] 

[Work example 1] 

The addition of Au, Cr, Fe, Pt, Ru, and W which are added to Ta was changed like the column of the sample name in 
Table 1 , and the ingot of these Ta alloy was produced by plasma arc melting, ten atom % Namely, the sample of example 
(1) - (6) contains Au, Cr, Fe, Pt, Ru, or the W in Ta, respectively. As for the sample of a comparative example (1), the 
sample of a comparative example (2) is set to Pd from pure Ta 23 atom % Including Ag. 70 atom % The sample of 
comparative example (3) - (8) contains Au, Cr, Fe, Pt, Ru, or the W in Ta, respectively. 
[0019] 

The produced ingot creates a 1-mm-thick plate for uniformity heat treatment with rolling between the colds after ******, and 
is ****** about annealing heat treatment further. From the plate which carried out the annealing process, a disk 20 mm in 
diameter was started and what carried out mirror polishing was used as the specimen of the hydrogen permeable film 2. 
This specimen was installed in hydrogen permeation test equipment, and hydrogen permeation speed [ in / considering 
hydrogen pressure as 2 atmospheres of primary sides and 1 atmosphere of the downstream / 500 ** ] was measured. The 
hydrogen permeation coefficient was computed by the following formula (1), and compared hydrogen permeation 
performance with this coefficient. 
[0020] 

Q=J-t/A/(Pi 1/2 -P 2 1/2 ) — 0) 

However, Q:hydrogen-permeation coefficient, J: hydrogen-permeation speed, t:thickness, A:membrane area, a P 1 primary- 
side pressure, P 2 : Secondary side pressure 
[0021] 

About the crack nature in low temperature, after cooling to a room temperature, maintaining the hydrogen pressure at the 
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time of an examination after a hydrogen permeation examination, and exhausting hydrogen at a room temperature, 
temperature up was again carried out [ in order to imitate the scram in the steam-reforming machine of a membrane 
reactor method and a subsequent restart, ] to 500 **. When it cooled by a hydrogen atmosphere to the room temperature, 
the specimen was taken out, and the existence of generation of the hydride by X diffraction measurement was checked. 
[0022] 

These results are summarized in Table 1 and it is shown in it. The hydrogen permeation coefficient of Pd-23Ag of a 
comparative example (1) is 6.3x1 0" 10 m 3 m/m 2 /s/Pa 1/2 . Generating of the crack was not accepted, even if it cooled to the 
room temperature and reheated this specimen after that in a hydrogen atmosphere. Generation of the hydride was not 
accepted in X diffraction measurement immediately after cooling to a room temperature by a hydrogen atmosphere. 
Although Ta of a comparative example (2) shows Ag about 8 times the hydrogen permeation coefficient of Pd-23, a crack 
occurs in cooling in a hydrogen atmosphere, and a subsequent heating process. Generation of the hydride was accepted 
in X diffraction measurement about the specimen cooled by a hydrogen atmosphere at ****** and the time. That is, ****** 
cubical expansion arises in generation of a hydride, distortion occurs inside by this, and Ta is imagined to be ****** by 
breakage. 
[0023] 

EXAMPLE - (1) - (6) did ten atom % addition of Au, Cr, Fe, Pt, Ru, and W at Ta, respectively. Although a hydrogen 
permeation coefficient decreases from Ta in the case of which, the hydrogen permeation coefficient higher than Pd-23Ag 
which is a comparative example (1) is shown. The crack was not accepted, even if it cooled in a hydrogen atmosphere 
and reheated these specimens after that further. Generation of the hydride was not accepted to be ****** in X diffraction 
measurement immediately after cooling these alloys by a hydrogen atmosphere at the time. That is, it is judged by adding 
Au, Cr, Fe, Pt, Ru, and W to Ta that there is a preventive effect of the crack accompanying generation of a hydride. 
[0024] 

However, if the addition of Au, Cr, Fe, Pt and Ru to Ta, or W exceeds 70 atom % as shown in comparative example (3) - 
(8), the operation which decreases a hydrogen permeation coefficient will become large, and a hydrogen permeation 
coefficient will become small rather than Pd-23Ag. 
[0025] 
[Table 1] 
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[0026] 

[Work example 2] 

The addition of Mo was changed to Ta like the column of the sample name in Table 2, and the ingot of these Ta alloy was 
produced by plasma arc melting. Namely, an example and a comparative example The additions of Mo in [3] are 
5.5atom% and 8.6atom%, respectively. The produced ingot creates a 0.1-mm-thick plate for uniformity heat treatment with 
rolling between the colds after ******, and is ****** about annealing heat treatment further. The plate which carried out the 
annealing process used as the specimen of the hydrogen permeable film 2 made from Ta alloy what started and carried 
out mirror polishing of the disk 20 mm in diameter. 
[0027] 

This specimen was installed in hydrogen permeation test equipment, and hydrogen permeation speed [ in / considering 
hydrogen pressure as 1 .2 atmospheres of primary sides and 1 atmosphere of the downstream / 500 ** ] was measured. 
The hydrogen permeation coefficient was computed by the above-mentioned (1) formula, and compared hydrogen 
permeation performance with this coefficient. The comparative example (1) and (2) is the respectively same ingredient as 
the comparative example (1) and (2) of Example 1, and the hydrogen permeation coefficient it can consider that is the 
same substantially was obtained. About the crack nature in low temperature, after cooling to a room temperature, 
maintaining the hydrogen pressure at the time of an examination after a hydrogen permeation examination, and 
exhausting hydrogen at a room temperature, temperature up was again carried out [ in order to imitate the scram in the 
steam-reforming machine of a membrane reactor method and a subsequent restart, ] to 500 **. When it cooled by a 
hydrogen atmosphere to the room temperature, the specimen was taken out, and the existence of generation of the 
hydride by X diffraction measurement was checked. 
[0028] 

These results are summarized in Table 2 and it is shown in it. The hydrogen permeation coefficient of Pd-23Ag of a 
comparative example (1) is 5.8x1 0' 10 m 3 m/m 2 /s/Pa 1/2 . Generating of the crack was not accepted, even if it cooled to the 
room temperature and reheated this specimen after that in a hydrogen atmosphere. Generation of the hydride was not 



http://www4.ipdl.inpit.go jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4... 3/3/2009 



JP,2004-074070,A [DETAILED DESCRIPTION] 



Page 6 of 7 



accepted in X diffraction measurement immediately after cooling to a room temperature by a hydrogen atmosphere. 
Although Ta of a comparative example (2) shows Ag about 8 times the hydrogen permeation coefficient of Pd-23, a crack 
occurs in cooling in a hydrogen atmosphere, and subsequent heating. Generation of the hydride was accepted in X 
diffraction measurement about the specimen cooled by a hydrogen atmosphere at ****** and the time. 
[0029] 

On the other hand, in the example, 5.5 atom % addition of Mo is done at Ta, and although a hydrogen permeation 
coefficient decreases from Ta (comparative example (2)), it shows the hydrogen permeation coefficient higher than Pd- 
23Ag which is a comparative example (1). The crack was not accepted, even if it cooled in a hydrogen atmosphere and 
reheated the specimen of the example after that further. A hydride was not accepted to be ****** in X diffraction 
measurement immediately after cooling the alloy of an example by a hydrogen atmosphere at the time. That is, it is judged 
by adding Mo to Ta that there is a preventive effect of the crack accompanying generation of a hydride. 
[0030] 

However, a comparative example If the addition of Mo exceeds seven atom % as shown in [3], in a rolling process, a 
crack will arise into hydrogen permeable film material. Therefore, it becomes difficult to carry out the thinning of the 
hydrogen permeable film material cheaply. Therefore, by rolling Ta alloy which added Mo as an addition metal, As for the 
content of Mo, when making the hydrogen permeable film 2 form (i.e., when forming by rolling Ta alloy which used Ta as 
the base metal for at least some hydrogen permeable films 2, and added Mo as an addition metal at least), it is desirable 
that below seven atom % carries out. 
[0031] 
[Table 2] 
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[0032] 

[Effect of the Invention] 

According to the hydrogen permeable film concerning this invention, the following effect can be done so so that I may be 
understood by the above explanation. 

By making it form with Ta alloy which added at least one or more sorts of metallic elements chosen from the group which 
uses Ta as a base metal and consists of Au, Cr, Fe, Mo, Pt, Ru, and W in at least some hydrogen permeable films, The 
hydrogen permeable film which is excellent in the preventive effect of the crack accompanying hydrogen permeability or 
hydride generation can be obtained from Pd or Pd alloy more than equivalent. 
[0033] 

in addition, at least some hydrogen permeable films - acquisition - it is also possible to manufacture with an easy and 
cheap material, and to reduce substantially the amount of Pd in a hydrogen permeable film or Pd alloy used, or to make it 
zero. Thereby, manufacture of a hydrogen permeable film can be made easy and cheap. 
[0034] 

Like claim 3, at least some hydrogen permeable films use Ta as a base metal, and if formed by rolling Ta alloy which 
added Mo as an addition metal, efficient production of a good hydrogen permeable film without a pinhole etc. will become 
easily and cheap. 
[0035] 

The hydrogen permeable film of required thickness can be formed good, without producing the crack in a rolling process 
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like claim 4, if below seven atom % carries out content of Mo. 
[Brief Description of the Drawings] 

[Drawing 1] The sectional view showing the outline of a hydrogen permeable film unit provided with the hydrogen 
permeable film concerning 1 embodiment of this invention. 

[Drawing 2] The enlarged drawing showing the important section of the hydrogen permeable film unit concerning other 
constructional examples. 
[Description of Notations] 

1: A hydrogen permeable film unit, 2:hydrogen permeable film, a 2a:film (Pd or Pd alloy), the transmission film made from 
a 2b:Ta alloy, a 2c:film (Pd or Pd alloy), 3:frame, 4:porous support, 5, 6 : joined part. 



[Translation done.] 
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